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The purpose of this project is to study the cost 
effectiveness of an organization's in-house labour force 
(ILF) which is responsible for the carrying out of the 
paving of bituminous or asphalt carriageway. The 
organization also employs external contractors to 
supplement the work of the ILF, so there is a common 
basis to compare the cost effectiveness of the ILF and 
the external contractors. 
The comparison was based on the cost per unit area 
of carriageway paved. Forty-eight sets of data were 
compiled, and statistical technique with the help of the 
computer software 'MYSTAT' was used to do the analysis. 
Then comparison was made as to the unit costs so 
calculated. Interpretation and explanation of the 
results were also made, alternative ways of the 
allocation of total fixed cost which had a significant 
effect on the result was also studied. Besides drawing 
conclusion on the cost effectiveness of the ILF, 
recommendations were also made as to the improvement of 
the productivity of the ILF. 
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A team of labourers is employed by the subject 
organisation (it is called Corporation ABC in this 
project) to carry out the paving of bituminous 
carriageways. The expenditure on these paving operations 
is about $15 million per annum, any small percentage of 
savings could mean a lot of money. So, it is the purpose 
of this project to study the cost effectiveness of the 
in-house labour force (ILF) in Corporation ABC with a 
view to recommending improvements to the operation of the 
ILF. At present, the Corporation also employs other 
contractors to carry out the paving of bituminous 
carriageway to supplement the work of the ILF. since 
there are different parties carrying out works of similar 
nature, there is a common basis to compare the cost 
effectiveness of the ILF and the outside contractors. 
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1.1 Background Information of the ILF 
The team is consisted of two paving gangs under the 
management of a Chief Supervisor who is assisted by one 
Supervisor, two Assistant Supervisors and two Site 
Foremen. The organisation structure is as shown in 
Appendix 1. 
There is a central depot in Kowloon for the 
accommodation of the ILF and its managerial staff, the 
storage of materials and the parking of plants. As the 
work of the Corporation is mainly concentrated in the New 
Territories, so one sub-depot each in New Territories 
east and New Territories west have also been established 
to better serve the operational needs so as to improve 
the productivity. 
1.2 Paving Operations 
When a bituminous carriageway is damaged or worn 
off, it can be reinstated by removing the damaged layer 
and re-laid with a new layer of bituminous surfacing of 
the same thickness as shown in the diagram in Appendix 2. 
The depth of surfacing to be removed shall be determined 
by the Engineer. 
The removing of the defective bituminous surfacing 
» 
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is by means of a cold milling machine which is self— 
propelling and is equipped with an electronic device to 
control the depth of carriageway to be milled off. The 
machine mills off a constant width of the surfacing as 
it travels over and along the carriageway. A truck 
follows the machine closely to collect the waste 
materials as long as they are milled off from the 
carriageway (see Photograph A) . The waste will then be 
transported to the dump sites for disposal. The use of 
the milling machine has a greater output and causes less 
noise nuisance than the use of traditional pneumatic 
breaker. Of course, the uniformity of the milled surface 
is its main advantage. 
Then it is necessary to clean the milled surface to 
remove the dust and fine particles left over from the 
milling operation. The cleaning can be done manually and 
also pneumatically, depends on the situation and 
environment. 
In order to have a better bond between the old and 
new surface, one or two layers of tacking solution, which 
is a petroleum product, have to be applied onto the 
cleaned milled surface. A diesel operated sprayer has to 
be used so as apply the tack coats evenly (see photo B). 
The surface is now ready for receiving the new 
bituminous material. The laying of the bituminous 
material is by means of a mechanical paver which is also 
> 
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equipped with electronic device to control the depth of 
material to be laid. The hot bituminous material can be 
laid continuously at a constant width and depth as the 
paver travels along the carriageway (see photo C) • The 
use of the paver has the advantage of uniformity of the 
finished product and a running surface of better riding 
quality than the traditional manual laying. Moreover, its 
productivity is much greater than without its use. This 
advantage is especially more eminent when the area to be 
paved is very large because under such circumstances 
several pavers can be used at the same time. 
Bituminous materials are transported to the site and 
loaded onto the paver by lorry tippers. It is very 
important to ensure the continuous supply of the material 
otherwise the quality of the finished product will be 
affected and the paving operation will have to be 
suspended and time will be lost to set up the operation 
again. 
At this stage the pavement is not yet ready for 
opening to traffic. The pavement has to be compacted to 
the required density. This is by means of mechanical 
rollers. There are two types of rollers, rubber tyred and 
steel tyred rollers (see photos D and E) . Compaction of 
the pavement is achieved by the static weight of the 
rollers as well as the vibration generated by the 
rollers. The amount of compaction will depend on the 
number of passes of the rollers over the pavement. As 
t ： 
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soon as the temperature of the newly paved carriageway 
has cooled down to the ambient temperature it can be 
opened to traffic. 
A summary of the sequence of operations with photos 
is at Appendix 3. 
The quality of the bituminous material from the 
supplier has been under the continuous monitoring of 
another unit of the Corporation so that the material can 
be assumed to have been complied with the specification 
as they are transported to the site. If the unit 
discovers that there are any discrepancies, the material 
supplied will be condemned and liquidated damages will be 
imposed on the supplier under the terms of the contract. 
The other aspect of quality control is left with the site 
supervisory personnels who are required to assure the 
quality of the pavement has complied with the 
specification. 
The materials are supplied hot and their 
temperatures have a significant bearing on the quality of 
the final product. It is necessary to ensure the 
temperatures of the bituminous material before and during 
laying are within the allowable limits. Record of these 
temperatures are logged and kept. After the material 
temperature has dropped down to the desired level, the 
material can be compacted by the mechanical rollers. 
This temperature is also logged and kept. When the 
» 
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complete pavement has cooled down to the ambient 
temperature, samples are cored from the pavement and sent 
to the laboratory for testing. The tests are to ensure 
the content of the bituminous material has complied with 
the specification and that the required amount of 
compaction has achieved. The rate of sampling follows a 
predetermined schedule. If the testing results show that 
the pavement is not up to the standard, the materials may 
have to be removed and relaid depending upon the final 
decision of the engineer. Moreover, the surface 
regularity of the finished pavement must be within the 
specified limit, this is to ensure the riding quality of 
the pavement is within acceptable standard. 
As can be seen from the brief description of the 
paving process above, the plants essential for the 
operation are: the cold milling machine, the mechanical 
paver, the steel tyred roller, the rubber tyred roller 
and the trucks for the transportation of bituminous 
material. Of course, other hand tools and equipment are 
required. At present, the Corporation does not possess 
all the plants because of their high cost. The other 
plants are hired from other contractors. The plants 
currently owned by the Corporation are as follows:-
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Type of Plants Number 
Mechanical paver : 2 
Steel tyred roller : 2 
Rubber tyred roller : 2 
Lorry Tippers : 2 
Cover Lorry : 2 
There are other personnels who are essential for the 
paving operation. They are the paver operator and the 
roller drivers. The paver operator would control the 
laid material to conform to designed line and level of 
the pavement and requires special training and experience 
to carry out the task. The roller drivers also require 
special training, e.g. the choice of the speed of the 
roller and the pattern of rolling, hence compaction, 
would affect the quality of the final product. At 
present, there is only one operator for each plant, which 
means the absence of any one of them would render the 
corresponding gang inoperative. 
1.3 Working Environment 
The work of the ILF is confined to existing roads, 
that is to say they have to work on roads on which 
existing traffic are to be maintained. So they can only 
close part of the roads to carry out the paving 
operations. When they have completed one part of the 
road, they can then shift to the other part of the road. 
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Thus, they are working in a quite dangerous environment 
with vehicles moving along their sides and under a 
pressure that the roads have to be re-opened as soon as 
possible to avoid causing traffic congestion. 
If the traffic is too busy, then they have to work 
at night when the traffic is lighter. Nevertheless, this 
has to be approved by the Environmental Protection 
Department which is concerned with the noise generated 
from the operation. Under such circumstances, the cost 




2. PRELIMINARY UNDERSTANDING OF THE PROBLEMS 
In order to find out if there are any problems with 
the operation of the ILF for the paving works, interviews 
with both the staff side and management side members were 
conducted. 
2.1 Interview with Staff Side of the ILF 
From the interviews it was observed that the ILF 
were mainly concerned with their monetary income. This 
is in line with Abraham Maslow's Hierarchy of Needs 
theory [Stoner and Freeman, 1989]. They were looking for 
the most basic needs which were the physiological needs. 
Thus, whenever they were required to work outside normal 
working hours, they would prefer monetary compensation 
instead of granting time-off in lieu. They had raised 
the point that they had accumulated a lot of leave so 
time-off was insignificant or even meaningless to them. 
Moreover, because of the low income level of the ILF, 
they traditionally viewed paid overtime as part of their 
normal income. However, according to the Corporation's 
policy, overtime allowance would only be paid when time 
10 
off in lieu was not justifiable on operation ground. On 
the other hand, the annual allocation for overtime 
payment had been decreasing in real term, so there was 
greater difficulty in programming the works without 
incurring overtime payment. 
The other concern of the ILF was their promotion 
prospect. Since the nature of their work is mainly 
labour intensive, there is virtually no management skill 
involved. Their path of advancement is very limited. 
Also, because of their education background it is very 
difficult for them to take up any task which requires 
more written work. Most important of all, owing to the 
present set up of the ILF, the number of supervisory 
posts is fixed, so their promotion prospect is further 
reduced. 
2.2 Interview with the Management Side of the ILF 
At the other side of the coin it is a different 
story. The supervisory staff expressed discontent 
towards the ILF and was always looking for opportunities 
to be transferred to other posts. The major problems 
included high absenteeism which caused the idling of the 
whole team, thus affecting the output of the team, this 
would adversely reflect on the performance of the 
supervisor. Because there was only one person for the 
operation of a particular plant, the absence of these key 
» 
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personnel would make the team inoperative. 
The other issue was the distribution of overtime 
work. As mentioned before the ILF viewed this as part of 
their normal income, so they often complained about the 
unequal distribution of the overtime work in order to get 
a greater share of the allocation. Thus, the allocation 
could not be based solely on a need basis, this had 
caused great hindrance to the programming of works. 
Also, the ILF was unwilling to carry out works on 
difficult sites which require greater attention or 
frequent traffic diversion because this would mean that 
they had to work under greater pressure to complete the 
works at the fixed period of time. 
There were other areas which had affected the 
productivity of the ILF. For example, the frequent 
breakdown of the self-owned plants. As the Corporation 
could not afford to have a set of spare plants, the break 
down of any one of these plants would mean that the whole 
team would become idle. The same disruption problem 
would also arise if those plants hired from the outside 
contractors broke down prior to or during the execution 




3. STATISTICAL ANALYSIS 
To study the cost effectiveness of the ILF it was 
proposed to compare the cost for similar work undertaken 
by outside contractors. The comparison was based on the 
costs for unit area of carriageway paved. In this 
analysis the cost was divided into two categories, 
namely, fixed costs and variable cost. 
The fixed costs were (a) salary of direct labour; 
(b) administration cost; (c) accommodation cost; (d) 
depreciation cost; (e) plant maintenance cost and (e) 
stores and equipment cost 
The variable costs were (a) direct material (paving) 
cost; (b) transportation cost for materials and plants; 
(c) indirect material cost e.g. diesel; (d) hire of 
services from contractors; (e) variable direct labour 
cost and (f) variable general & administration cost. 
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3.1 Explanatory Notes for the Cost Elements 
In order to get a better understanding of the cost 
structure of road paving, details explanations for each 
cost components are listed below : 
a) Staff cost : 
It included (a) basic salary payments; (b) fringe 
benefits provided under the terms of employment, 
which in turn include pensions and gratuities, 
housing benefits, leave and medical and dental 
benefits and (c) other job-related allowances 
payable under various conditions such as acting, 
overtime, extraneous duties, hardship and shift duty 
allowances. 
b) Salary : 
The salary of direct labour was the cost of staff 
involved in the direct operation, i.e. the members 
of the ILF. The salary of the supervisory staff was 
included as part of the General and Administration 
Cost. 
c) Administration cost : 
There were both fixed and variable cost for the 
supervisory staff. The fixed cost included the fixed 
monthly salary expenses. The variable cost included 
the over-time payment incurred when supervision was 
14 
required outside normal office hours. Study by the 
accounting department of the Corporation indicated 
that a 26% of the direct staff cost could be adopted 
for cost apportionment. 
d) Accommodation cost : 
Accommodation cost referred to the costs of 
occupying land and buildings for the purpose of 
conducting the paving operation. The accounting 
department had also prepared the cost per unit area 
of land or floor occupied. . 
e) Depreciation of Plants : 
Straight line method of depreciation was used. The 
monthly depreciation cost was calculated by dividing 
the replacement cost by the estimated useful life of 
the plants. The replacement cost was taken as the 
current value of the plant while the expected useful 
life was according to the manufacturers ‘ 
recommendation and endorsed by the electrical and 
mechanical personnel of the organisation. 
f) Plant Maintenance cost : 
The plants were sent to electrical and mechanical 
service agent for regular servicing and maintenance. 
There were different maintenance cost apportioned to 
each type of plants, the exact costs were as advised 
by the electrical and mechanical personnel. 
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g) Stores and Equipment cost : 
These included the costs for office stationery, the 
rental for telephone lines, the handtools and other 
protective clothings for the workers. 
h) Direct Material cost : 
This was the cost for obtaining the bituminous 
materials from the supplier. There was a separate 
term contract for the supply of bituminous 
materials. 
i) Transportation costs : 
Since the paving operation required a continuous 
supply of hot bituminous materials, there should be 
enough lorries for the transportation of the 
bituminous materials. The number of lorries 
required depended on the distance of the work site 
from the source of supply (the haulage) • As the 
Corporation did not possess enough lorries for this 
purpose, it had to hire the lorries from outside 
contractors. 
j) Hire of Services from outside contractors : 
It was required to do some site preparation works 
before the laying of the bituminous materials, for 
example, to prepare the edges of the pavement 
properly, cleaning the site with the use of air 
compressor, provision of traffic diversion apparatus 
and the supply of labourers for the maintaining of 
traffic flow, etc. These services had to be carried 
16 
out by outside contractors, this was because the 
Corporation did not have the equipment or the 
adequate number of workers. 
Since the above cost elements were not readily 
available, it was necessary to go through the 
Corporation's historical records to extract the raw data, 
then took the tedious step to work out the value of the 
individual cost elements. 
3.2 Data Analysis 
The comparisons of the unit cost of ILF Paving Gang 
and the outside contractor need to employ statistical 
techniques. The computer software 'Mystat‘ was used for 
the statistical analysis. For the sake of clarity, steps 
of analysis are listed below : 
a. Take samples from each population - ILF Paving Gang 
unit cost and outside contractor unit cost ； 
b. Compute the mean and variance for each sample ； 
c. Use F statistic to test if the two populations have the 
same variance ； 




In order to have statistically conclusive results, 
the period of study was chosen to be from April 91 to 
March 93. That is to say the period of study just 
covered two fiscal years of the Corporation. This had 
the advantage of easy cost allocation because some of the 
cost items were presented on the basis of fiscal years. 
Thus, for two gangs of ILF and a period of study of 24 
months, there were a total of 48 sets of data(i). The 
results so obtained would be statistically reliable - the 
requirements of the Central Limit Theorem^ could be 
satisfied. 
On the other hand, the collection of data for 
the outside contractors for the same period was simpler. 
Since there were at present four outside contractors 
awarded with contract periods running from April to March 
of next year, for the carrying out of the paving works at 
four geographically different areas, the cost for doing 
similar works could be obtained from the 
(1) : Each gang had its monthly cost data. For the period of 
two years, there will be 48 [2 (cost data) X 12 (months) X 2 (years)] 
data sets. 
(2) : Central Limit Theorem concern the approximate normality 
of means of random samples and of sums of random variables. If 
sample size is large enough (usually in excess of n=30), it permits 
the use of normal theory for inferences about the population mean 
regardless of the form of the population. This assumption of 
normality of this theorem is useful when we undertake T-test and F-
test in the following analysis. 
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contract Schedules of Rates. 
Among the 96 data sets, 48 data sets were monthly 
road paving cost for the period concerned of the gangs of 
ILF. On the other hand, the same number of data sets for 
the same period were obtained by averaging the rates of 
the outside contractors retrieved from the contract 
Schedule of Rates. 
3.2.1.1 Visual comparison of the cost data 
The data for both samples had been plotted on a 
scattered diagram as shown in chart 1. The samples were 
then paired to calculate the differences(3). The 
differences between the two samples were shown in a bar 
chart 2. As can be seen from the bar chart, we may 
intuitively conclude that the road paving cost of ILF was 
higher than that of outside contractors since the 
differences of 47 pairs of data were above zero. In 
order to prove this visually obtained result, statistical 
analysis ought to be carried out. 
(3) : Details of the figures are shown in Appendix 4. 
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3.2.2 Statistical Parameters Analysis 
The samples mean (X) which is an unbiased estimate 
of the population mean was calculated by using the 
following formula : 
ZXn 
n 
where Xj^  was the value of the samples from each 
population and n is the number of samples taken 
From table 1, the sample mean for unit cost of ILF 
Paving Gang was $181.967/in2. on the other hand, the 
sample mean for unit cost of outside contractors was 
$90.182/m2. 
Besides, the samples standard deviation(s) which is 
an unbiased estimate for population standard deviation 
was computed as below : 
{Z (Xn - X)}l/2 
‘ n ^ ‘ 
Also from table 1, it showed that the standard 
deviation (s) was $73.863/ni2 for the unit cost of ILF 
Paving Gang and $11.646/ni2 for the unit cost of outside 
contractors. 
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3.2.3 Test for the Equality of Variances 
for Both Samples 
Before we tested if the means of both populations 
were the same, we needed to examine the variance of both 
populations. F statistic would be calculated to test the 
equality of variances for both samples. In order to 
undertake the test, we had to assume that two conditions 
existed : 
a. The samples taken for the hypotheses test were random 
and independent. 
b. The populations from which the samples were drawn were 
normally distributed. According to the Central Limit 
Theorem, if the size of both samples are large enough 
(n>30), the distributions of both populations assume 
nomality. 
The hypotheses which would be used for testing were: 
H o�： a i 2 = 
Hi(5) : ai^ 本 
the rejection rule(6) : If F > FA/2,VI,V2 , then reject HQ. 
Where : 
(4) : HQ is the null hypothesis. 
(5) : Hi is the alternative hypothesis. 
(6) : A rejection rule indicates the values of a sample 
statistic that will lead us to reject the null hypothesis. 
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ai^ was the variance for the population of ILF unit 
road paving cost 
was the variance for the population of outside 
contractors unit road paving cost 
F(7> = (si)2 / (S2)2 in which the largest sample 
variance was always placed in the numerator of the 
ratio. 
a/2 was the level of significance(8) and was set at 
5% 
vi =47 and V2 = 47 are degrees of freedom. 
From table 1, F = 40.23 and Fa/2,vi,V2 was 1. 6384(9). 
As the result showed F > Foc/2 , V I , V 2 , we rejected HQ. The 
variances of the population were not equal. 
3.2.4 Test for the Equality of Means 
for Both Samples 
From the result of F statistics, they showed that 
the variances of both populations were not the same. T-
statistics would be used to test the equality of means 
for both populations. In order to undertake the test, 
we had to assume that two conditions existed : 
(7) : F distributions are a family of distributions dependent 
on two parameters or two degrees of freedom,v^ and v?• Its mean is v 
2/(V2-2),V2>2 and standard deviation is {之乂之之（Vi+V2_2)/[v! (V2_2)2(v:-
4)]}i/2, V2>4. 
(8) : Level of significance is also called as the size of the 
test. It is the probability that type I error occurs. It occurs 
when we reject HQ but HQ is true. 
(9) : The number is approximated by interpolation. 
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a. The samples taken for the hypotheses test were 
independent random samples. 
b. The populations from which the samples were drawn were 
normally distributed. According to the Central Limit 
Theorem, if the size of both samples were large enough 
(n>30), the distributions of both populations would 
assume nomality. 
The hypotheses which would be used for testing were: 
Ho : < 
Hi ： > 
the rejection rule : If t < - 七 “ 乂 丄 。 ） o r t > ta,v, 
then reject HQ. Where : 
Hi was the mean of the population for ILF unit road 
paving cost 
was the mean of the population for outside 
contractors unit road paving cost 
t = (X1-X2) / (Sxi_x2)(ii) 
a was the level of significance and was set at 5% 
V was the degree of freedom 
Since the variances of both populations were not the 
same, the degree of freedom (v) for t statistic which was 
(10) : T distribution is a symmetric distribution dependent on 
a parameter, the degrees of freedom (V) . Its mean is 0 and standard 
deviation is V/(V-2), V>2• 
(11) ： X^i-X2 = (Si'/ni +S2Vn2)"2 
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used to examine the means of both populations would be 
determined as : 
(Si^  / ni + 32^ / n2)2 
(Si2 / ni)2 + (Si2 / n2)2 
ni - 1 n2 - 1 
which in this case was 48. 
From table 2, t = 8.466 and ta,v = 1.679�i2). as the 
result showed t > TA,V ‘ we rejected HQ and concluded 
that the mean for the unit cost of ILF Paving Team was 
significantly different from the mean for the unit cost 
of outside contractors. In this case, ILF Paving Team 
was much more expensive than outside contractors. 
3.3 Interpretation of Results 
From the result of the analysis, it can be seen that 
the unit cost for the ILF was mfich higher than that for 
the outside contractors ($180/m2 vs. $90/ni2) with a mean 
(X 工 lf - Xcontr) of $91.79/m2. Seeing such a large 
discrepancy, we tried to find out the cause for this 
difference. 
(12) : The number is approximated by interpolation 
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We started by analysing the cost components of road 
paving which could then be classified into two broad 
categories : fixed costs and variable costs. Fixed costs 
were defined as the costs which did not change with the 
quantity of the area of road paved within a fiscal year. 
In contrast, variable costs were defined as the costs 
which varied with the area of road paved. 
Since the allocation of cost to the different cost 
centers was not evenly distributed among the cost 
elements, analysis of the percentage contribution of each 
of these costs centers might enable us to find out the 
major causes of the high average unit cost for ILF Paving 
Team. ABC classification [Watson, Billingsley, Croft and 
Huntsberger, 1990], which is mainly applied for inventory 
analysis, was employed here. Though the costs concerned 
were production cost and not inventory costs, our group 
found the concept of ABC classification useful. The 
results of the classification were shown in table 2. 
From the table, it can be seen that Fixed 
Salary, Material Cost and Hire Of Services accounted for 
89.3% of the ILF paving cost. If measures could be 
undertaken to reduce the amount of these costs, ILF 
paving cost could definitely be lowered. So we would 
look at each of these major cost centers in next chapter. 
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3.4 Paired T-test 
Since the data would be paired, that is the unit 
costs for the ILF paving gang and the outside contractors 
were paired month by month, we had also considered to 
undertake paired T-test to examine the difference between 
ILF road paving cost and outside contractors road paving 
cost. 
The purpose of the paired T-test was to increase 
the precision of estimation by reducing the pooled 
estimate of variance when the standard deviations of both 
populations were equal. The degree of freedom for the t 
test based on paired comparison were equal to n-1, 
compared with 2(n-1) for the group comparison. With 
pairing, then as compared with grouping, we lost n-1 
degrees of freedom. But if the variance was reduced 
enough to more than compensate for their loss, then a 
gain in efficiency was achieved. 
However, we had shown that the standard deviations 
for both populations concerned were not the same. The 
requirements on standard deviation of paired t-test could 
not be satisfied, such statistical test, therefore, was 
not carried out. 
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CHAPTER VIII. 
4. MAIN COST FACTORS ANALYSIS 
As shown in the previous statistical analysis, Fixed 
Salary (a component of Direct Labour Salary), Material 
Cost and Hire Of Services constitutes a large portion of 
the total cost for road paving. Before measures could be 
taken to reduce these costs, a detailed analysis for 
their causes would be helpful. 
4.1 Salary of Direct Labour 
The salary cost per square meter of road paved 
ranged from HK$15.2 to HK$244.60. The fish-bone diagram 
in chart 3 showed the reasons for such variations: 
a) Weather Condition : 
Road paving is a kind of outdoor activities which is 
affected by weather conditions. If the weather is 
bad, the whole ILF cannot finish the job on schedule 
and the work will be delayed which means extra cost 
will be incurred for paving the same amount of road. 
Unfortunately, weather condition is out of human‘s 
control. 
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b) Plant Operators : 
Under the current system, there was only one plant 
operator designated for each plant. As road paving 
is a linear operation, if an operator is absent when 
he is needed, the subsequent process cannot proceed, 
so longer time is required to finish the same amount 
of work. 
c) Traffic : 
Road paving at certain areas has to be conducted to 
avoid the peak hours. Under this situation, work 
has to be done at night, and extra cost will be 
incurred for overtime payment. 
d) Machinery : 
Breakdown of machinery is one of the reasons for the 
delay of work schedule. Another reason for the 
delay of the work schedule is the non-availability 
of machines. Under the current system, the 
Corporation does not possess all the machines needed 
for road paving. It has to hire some machines from, 
outside contractors. In case the machines is not 
available when it is needed, the whole work schedule 
will be delayed. 
e) Government Regulations : 
Road paving creates a lot of noises. In some 
circumstances, the work schedule has to be approved 
by the Environmental Protection Department. In 
order to comply with the regulations, the final 
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schedule comes out may not be the most effective 
one. 
4,2 Material Cost 
In order to study the relationship between material 
cost and the area of road paved, regression analysis was 
carried out with the ‘ area of road paved' as independent 
variable. Because material cost is a variable cost, we 
should anticipate that the constant of the regression 
equation should be close to zero. However, the result of 
the regression was : 
'Material cost' = A + B * 'Area of road paved' 
in which A was $56394.3 
B was $39.30/m2 
R2 was 0.735 as shown in table 3. 
Both A and B were statistically significant. The 
possible causes for the big constant in the regression 
equation were : i) the differences in the thickness of 
road paved which in turn depended on the road conditions; 
ii) requirements of minimum order quantity or minimum 
charges from the material suppliers and iii) data 
recording error. 
Among those three possible causes mentioned above, 
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the difference in the thickness of the road paved was the 
main cause. Besides regression analysis, some 
statistical parameters were also calculated. The mean 
for the material cost was $51.8/ni^  with a maximum of 
$126.2/ni2 and a minimum of $25. T/m^. Its standard 
deviation was $20.2/m2. The wide range and large 
standard deviation might be the result of some outliers 
in the sample. However, the intercept of the regression 
equation was still large even though we picked out 
certain numbers of outliers which might be caused by data 
recording error. 
For the requirements of minimum order quantity or 
minimum charges, there was no such requirements under the 
current procurement system. 
Since the regression analysis could not give us a 
whole picture of the material cost, we then investigated 
the other possible causes for high material cost which 
were shown on the fish-bone diagram in chart 4. 
First of all, the quantity of the bituminous 
material used which depended only on the desired 
thickness of road paved was accurately calculated. As 
mentioned in the previous section, the material was 
transported to site and was kept at a certain 
temperature. Before the material was used for paving, 
the temperature of the material was checked again by ILF 
to make sure it was suitable for road paving. Therefore, 
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wastage of material was reduced to a minimal level. 
Under the current material procurement system, the 
supply of material were contracted out to term, suppliers. 
ABC Corporation selected the contractor based on the 
lowest bid. However, there were only a few qualified 
suppliers in H.K., thus a cartel or oligopoly was formed. 
These few suppliers could control the prices at their 
desired levels. In certain aspects, it was not a cost 
effective way to procure material. Though the material's 
quality was up to the standard under the current 
inspection method, the prices might not be the best. 
Since only a few material suppliers could provide the 
paving material, the buyers could not benefit from the 
reductions of the material suppliers' production costs 
which could happen under a competitive environment. 
4.3 Hire of Services 
At a first glance, 'Hire of Services cost' should be 
proportional to the 'Area of Road paved'• Regression 
analysis had also been done for this cost item and the 
results were : 
'Hire of Services cost' = C + D * 'Area of Road Paved' 
in which C was $48778.24 
D was $30.85/in2 
was 0.542 as shown in table 4. 
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Same as material cost, 'Area of Road Paved' was 
not a good variable in explaining 'Hire of Service cost'. 
Besides the regression analysis, several statistics 
parameters were also derived. The mean of 'Hire of 
Services' was $42.307/m^ with a maximum at $80/m^ and a 
minimum at $4.2/m2. Its standard deviation was 
$18.507/m2. 
From the above analysis regarding the 'Hire of 
Services', we can conclude that 'Area of Road Paved' was 
not the only explanatory variable• In order to locate 
the other causes, fish-bone diagram was employed again as 
shown on chart 5. 
With regard to the contract term, the hiring costs 
of plants and equipment had two components : mobilization 
and rent. 
a) Mobilization cost : 
It was a kind of one off expense for each job and 
was fixed for the transportation of plants and 
equipment to the site. The existence of 
mobilization cost partly explained the large 
intercept in the regression equation. 
b) Rent : 
It was the expense for the hiring of plants and 
equipment on daily basis. The rent was then 
affected by the delay of the work schedule. The 
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delay of work schedule might be mainly caused by the 
following factors : i) the workers at site might not 
carry out the work according to the schedule fixed 
by the management level of the Corporation. In 
these circumstances, the plants had to lay idle at 
the site to wait for the workers to complete their 
work. As a result, the number of days occupying the 
plant was extended beyond the actual need and the 
total rent paid would be higher; ii) bad weathers 
would also delay the whole work schedule which might 
increase the number of days used by the Corporation. 
Last but not least, the high unit 'Hire of services' 
cost might be induced by the ineffective arrangements of 
work schedules by the management of the Corporation. For 
instance, the material might not arrive on site on time, 
making the workers and plants become idle at the site. 
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CHAPTER VIII. 
5. SOLUTIONS TO PROBLEMS 
After reviewing the reasons for the high unit cost 
for Fixed Salary, Material and Hire Of service, solutions 
have to be figured out to solve these problems. Following 
are some recommendations: 
5.1 Salary of Direct Labour 
Weather, as mentioned in the previous section, is 
out of human‘ s control. In case that a job must be 
completed within a certain period, bad weather may 
increase the possibility of overtime work, especially in 
the rainy season. Thus, increasing the possibility of 
overtime payment. 
The current overtime compensation system for ABC 
Corporation can be divided into two parts : overtime 
payment or time-off in-lieu. Overtime payment means the 
employees can get monetary compensation if they work 
after office hours. The overtime payment is usually one 
and a half times of the normal monetary hourly 
compensation. Time-off in lieu, in contrast to overtime 
34 
payment, only compensates the employees with the same 
amount of time-off for the hours they worked overtime. 
In view of such problem, a new overtime 
compensation system must be developed. The new system 
should utilize the time-off aspect of the current system 
so as to reduce the amount of monetary outflow. The 
ideal one is to trade all overtime payment with time-off. 
However, this will arouse the employees' emotion against 
the management level in practice. 
Or, reschedule the working hours of the gangs so 
that one is working at day time and the other is working 
at night time. This can greatly reduce the extra cost of 
working during night time. Thus making sure that the 
team will not become idle because of inadequate funds for 
over time allowance. But the employees‘ reaction towards 
this change must be thoroughly studied before 
implementation. 
Another reason for the high fixed salary cost per 
unit of road paved is the non-availability of plant 
operators. Because of the similarity in the operations 
of the plants, training can be provided to the existing 
plants operators so as to ensure that there will be more 
than one employee who can operate certain plant and 
equipment. Of course, the better way is to provide 
training to other gang members so as to improve the 
flexibility of the team. . 
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Daily maintenance, such as cleaning the plant or 
changing the lubricant, is done by the employees in ABC 
Corporation. However, the employees do not have the 
training of repairing minor defaults in the parts of the 
plant and ABC Corporation does not have its plant 
maintenance section. Therefore, if the plant broke down, 
it would be delivered to another agency for repair. The 
whole work schedule would be postponed because of the 
non-availability of certain plant. Therefore, training 
must be provided to the employees of ABC Corporation so 
as to increase their skill in repairing the plants. By 
the way, major repairs should be done by other agency. 
Or ABC Corporation sets up its maintenance section to 
take care of the plant's maintenance and repair. 
On the other hand, if the major repair is done by 
other agencies, the scheduled maintenance program should 
be improved. Under the current system, major maintenance 
is done once a year. By increasing the number of times 
for major maintenance will help to prevent the break down 
of the plant. The number of times of major maintenance 
should be increased to, at least, twice a year. 
Traffic, though not the same as weather, is out of 
human‘ s control. It is also out of ABC Corporation 
control. The corporation cannot divert the traffic as he 
thinks best to facilitate the road paving activities. 
Under such situation, overtime work is inevitable. 
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The focus of the government regulations is to 
minimize noise generating from road paving activities. 
Plant with sound proof devices should be purchased after 
careful cost-benefit analysis. However, the long term 
solution for this problem is for management level at the 
Corporation to consult with corresponding government 
department. 
5.2 Material Cost 
For material cost, ABC Corporation should introduce 
a competitive environment into the procurement process. 
That is, the term contractor can not only get his 
material from the qualified supplier but also from other 
suppliers with qualified material. In other words, the 
material quality, should be the major criterion for 
selecting the material supplier, not the qualification of 
the supplier. When the criterion for material quality is 
satisfied, the decision is then based on the bid of the 
supplier and other criteria. 
In the initial stage of implementation of this 
system, ABC Corporation may choose some other suppliers 
that he has not used before for the supply of the 
material. An incoming material quality inspection system 
should be established in order to make sure the material 
arrived at the site is up to the Corporation's 
requirement. Techniques such as statistical process 
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control and control charts will be useful. 
5.3 Hire of Services 
For the general outside contractors, the Corporation 
should bring in competition into the environment. That 
is to try to use other specialist plant suppliers instead 
of only the general outside contractors. Because of 
specialization and the introduction of competition, it is 
hoped that the Corporation might be able to get more 
favourable contract terms. For instance, study the 
possibility of hiring the plant on a more long-term basis 
by programming works for longer term so that a separate 
contract for the supply of plants can be let, in which a 
higher liquidated damages can be imposed to recover the 
loss as a result of the non-availability of plants and to 
get a more favourable term. 
Or, the Corporation should consider to procure the 
plants which were previously hired from outside 
contractors. Of course, careful cost-benefit analysis 
should be conducted before making such kind of decision, 
bearing in mind the limited resources possessed by the 
Corporation. In addition, the maintenance of plant 
should also be considered when making the purchasing 
decision. 
Before sorting out ways to reduce the idling of the 
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ILF, as an interim measure, arrangements should be made 
to rent out the plants when they are not required so as 
to improve income of the Corporation. 
In contrast, if the delay of work schedule is caused 
by bad weathers, management level should be able to 
negotiate with the outside contractors for the 
flexibility in the transportation of the plant to the 
site. Though transportation cost is a kind of one off 
expense, the rent is calculated on a daily basis. By 
successfully negotiating the transportation of the plant 
to the site, the rent might be utilized in a more 
efficient way. On the other hand, if the delay of work 
schedule is due to the inherent problem of the ILF, there 
may be some problems with the work scheduling or site 
management. Then, the management level should look into 
these aspects to improve the skill in work schedules 
arrangement and management. 
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CHAPTER VIII. 
6. ALTERNATIVE ANALYSIS 
As a matter of fact the ILF did not spend all the 
time in road paving activities, our group would like to 
undertake another approach in evaluating ILF's 
effectiveness. 
In the previous analysis, all the total fixed costs 
were included in the calculation of the cost per area of 
road paved. As in the case of ILF, they would be 
assigned to other activities, such as maintenance of 
plants when there were no paving operations due to the 
reasons as mentioned before. Thus, the previous 
apportionment of cost might had distorted the conclusion. 
In contrast, the unit cost from outside contractors was 
for road paving activities only. In order to compare 
both unit costs under the same base, we found that it was 
necessary to make some adjustments to the calculation of 
the ILF road paving unit cost. The adjustment included 
the allocation of fixed cost to road paving activities. 
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For instance, if ILF spent six days of a nionth(i3) in road 
paving, the portion of fixed cost allocated to these 
activities were then calculated by multiplying the total 
fixed costs incurred at the month by 0.2 (6 divided by 
30) to. 
When calculating the allocation of fixed cost for 
each month, data on the number of the working days spent 
on road paving must be available. However, the 
Corporation did not keep a record of which days the ILF 
was deployed to paving operation and which days to other 
activities. So, we started to keep these records in Aug 
1992. But data for the period April 91 to July 92 was 
not available. Our group had to make a back estimate for 
the working days spent on road paving from data collected 
after Aug 92. 
Regression analysis was carried out to find out if 
there was any relationship between ‘ area of road paved' 
with ‘number of days spent on road paving' . The results 
came out were not conclusive. Therefore, another 
approach was used to estimate the number of road paving 
work days. The procedure was as per following : 
a. Whenever the data was available for the month, divide 
the total area of road paved by the number of road 
paving working days so as to obtain the area of road 
(13) ： Sundays and public holidays are included since road 
paving activities sometimes needed to be carried out on these days. 
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paved per day for the month. 
b. Based on the above averages, determined the mean of the 
area of road paved per day for each ILF team (gang 1 
and gang 2). 
c. Used the mean to divide the area of road paved for each 
month so as to obtain the number of working days spent 
on road paving for the period concerned. 
After the estimate for the number of road paving 
working days was completed, F-test and T-test could be 
employed to determine if the ILF unit cost was different 
from the outside contractors unit cost in road paving. 
From table 5, the sample mean for unit cost of ILF 
Paving gang was $114.22/m2. Meanwhile, the sample mean 
for unit cost of outside contractors was $90.IS/m^. 
6.1 Visual Comparison of Cost Data After 
"“ Re-allocation of Fixed Cost 
From the scattered diagram chart") (6) and bar chart 
(7), it can be seen that there were 10 pairs out of 48 
pairs, which was 20.8% of the total number of pairs, that 
the ILF unit road paving cost was lower than the outside 
contractors unit road paving cost. 
In monetary terms, the sum of the pairs that the ILF 
(14) Details of the figures are shown in Appendix 5. 
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unit road paving cost was lower than the outside 
contractors unit road paving cost was $139.84. It was 
12% of the sum of the pairs that the ILF unit road paving 
cost was higher than the outside contractors road paving 
cost, which in turn was $1167.7. We may intuitively 
conclude that the road paving cost of ILF was higher than 
that of outside contractors. In order to prove this 
visually obtained result, statistical analysis must be 
carried out. 
6.2 Statistical Analysis 
Before carrying out the T-test, F-test was employed 
again to determine if the variances of both ILF and 
outside contractors road paving unit cost were the same. 
The hypothesis tested and other details of F-test are 
listed below : 
Ho : = 
Hi ： CTi^  本 
the rejection rule : If F > Fa/2/vi,V2 , then 
reject HQ. Where : 
F = ( s i ) 2 / ( S 2 ) 2 
a/2 was the level of significance and was set at 5% 
V]_ = 47 and V2 = 47 were degrees of freedom 
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As shown in table 5, F = 10.979 and Fa,vi,V2 was 
1.6384. Since F > Fa/2,vi,V2, we rejected HQ. In 
other words, the variances of both samples were not the 
same. 
T-test would then be carried out. Since the 
variances of both samples were not the same, the degree 
of freedom for t-test was : 
(Si2 / ni + 32^ / n2)2 
(Si2 / ni)2 + (Si2 / 112)2 
ni - 1 n2 - 1 
The hypotheses which would be used for testing 
were: 
Ho : < 
Hi : Hi > \i2 
the rejection rule : If t < -ta,v or t > ta,v' 
then reject HQ. 
Where t = (^1-^2) / (SX1-X2) 
a was the level of significance and was set at 
5% 
V, which was the degree of freedom, was 56. 
From table 5, t = 4.168 and ta,v = 1.674(i5). 
(15) : The number is approximated by interpolation 
i 
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As the result showed t > TA,V, we rejected HQ. Even 
though the adjustment helped to reduce the amount of 
fixed costs borne by ILF, ILF paving cost per square 
meter was still more expensive than the outside 
contractors paving cost per square meter^ i®'. 
6.3 Interpretation of Results of 
Alternative Analysis 
After the adjustment of the fixed costs or the re-
allocation of fixed costs to ILF, the portion of fixed 
costs in the total costs averaged about 9.45%. In 
contrast, the portion of variable costs averaged about 
90.55%. Among variable costs, material cost and hire of 
service accounted for a large portion. Therefore, the 
difference between ILF road paving cost and the outside 
contractors road paving cost might be mainly caused by 
material cost and hire of service. 
In summary, the results of both analyses tended to 
show that the difference in the road paving unit cost 
between ILF and outside contractors was mainly induced by 
material cost and hire of service. 
(16) : F r o m c h a r t T , ^ n o t i c e d t h a t the absolute value of 
several pairs are much higher than the others. They are pair number 
4, 8, 38, 39 and 46 in Appendix 5. We have taken out these pairs and 
do the statistical analysis again. The null hypothesis is still 
rejected, that is ILF unit road paving cost is higher than the 
outside contractors unit road paving cost. The F-value is 6.5108 and 
T value is 3.24. 
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CHAPTER VIII. 
7. GENERAL RECOMMENDATIONS 
The above sections discussed about the cost-
effectiveness of ILF and the ways to improve the 
productivity of ILF. Certain considerations need to be 
taken care of when implementing the recommendations. 
With reference to the ways in improving the cost-
effectivenes of ILF as mentioned in chapter IV, the 
implementation of certain recommendations needs the 
cooperation of ILF. Such as, the training of operators 
in ILF to operate more than one type of plant and to 
replace the overtime payment with time-off. In other 
words, the ILF members may need to take more 
responsibilities or to forgo their benefits, especially 
monetary payments, previously enjoyed by them. The group 
norms inside ILF may hinder the execution of these 
recommendations. Besides, the bias of the management of 
the Corporation against ILF may make the implementation 
of the recommendations more difficult. 
Group norm [Blake and Mouton, 1981] is any 
uniformity of attitude, opinion, feeling, or action 
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shared by the group members. Usually, group norm is hard 
to see except when someone acts in a manner inconsistent 
with the norm. To illustrate this, consider if a worker 
of the group works harder and produces much more than 
everyone else does, the group members may have negative 
feelings against this worker. This worker may then be 
forced to work in the manner that is consistent with the 
group norm. 
In order to alleviate the impact of group norms on 
the execution of the recommendations, quality circles 
(QC) or quality of work life (QWL) [Blake and Mouton, 
1981] may be established within ILF. Quality circle is a 
kind of motivation method in which a number of employees 
are brought together and discussion is held on how to 
improve the quantity and quality of production. The 
underlying principle is that those who do the work know 
best about how to do it better, and if their ideas are 
heard, and if what they recommend is implemented, then 
productivity will improve. 
On the other hand, quality of work life is another 
approach to improve productivity. The theory is that if 
workers are involved more directly in the challenges of 
production, they will respond with ideas and efforts that 
improve productivity. The function of direct 
participation would lead to discussions, act as 
communications channels to higher levels of management, 
and so on. The main objective of setting up QC or QWL is 
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to let ILF directly participate into the work by giving 
ideas such as what kind of method should be used in road 
paving. By doing this, the workers may feel responsible 
for the cost-effectiveness of their activities and keen 
on implementing the recommendations. Moreover, QC or QWL 
may facilitate the communications between the management 
and ILF of the Corporation. As a result, the bias of one 
against the other might be eliminated. 
Though QC or QWL may help improve the productivity 
of ILF, there may be difficulties in putting them to 
work. As mentioned in chapter (工I) , the needs of the 
workers in ILF are basically physiological needs and 
their promotion prospect is very limited because of their 
education background. In addition, facing with the high 
inflation rate in Hong Kong for the recent and coming 
years, this need would be intensified. 
In order to effectively carry out QC or QWL, the 
compensation system of the Corporation needs to be 
modified. Such as linking ILF's compensation with its 
performance more directly. Without such modifications in 
compensation system, ILF will treat QC or QWL just as 
another means for the management to pass on the 
responsibilities to them and might have negative 
attitudes against QC or QWL. Then, the objectives of QC 
or QWL can never be accomplished. When ILF sees such 
link, they might become more actively in offering out 
ideas and more enthusiastic in carrying out the 
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recommendations. Following is an idea of how to link ILF 
performance with compensation. 
Common to most large organization in the world, the 
Corporation has complicated procedures to dismiss staff 
with poor performance. This may be due to the 
compensation/reward system provide no incentive for 
better performance. So ways must be explored to break 
these barriers to improve performance. 
The ILF may be operated just like other external 
contractors. They are allowed to bid the tender together 
with other contractors. The award of the contract would 
be based on the lowest bid, of course past performance 
would also be taken into consideration in awarding the 
contract. 
A separate accounting system should be devised for 
the ILF in order to keep a record of the expenses and 
revenues of the operation. The performance of the ILF 
could be reviewed at the year end and with reference to 
the profit or loss of the operation. If the profit 
exceeds a pre-determined target, bonus according to a 
sliding scale would be paid to the staff members. If 
there is a loss, a study should be carried out to see if 
the target was fixed too high or if there is any 
operation problems within the team. 
At this stage, quality circle should come into play 
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again. Any members who are not performing to the group's 
standard will be subject to the group pressure because he 
would affect the income of the whole group. This system 
while gives incentives for the employees to earn high 
income on the one hand, it also maintains the existing 
fringe benefits offered by the Corporation on the other. 
Thus, it should improve the productivity of the ILF. 
Another way is to link the compensation of ILF to 
its productivity. This modification of compensation 
system needs measurement of productivity. There are two 
general types of productivity measures - total and 
partial. Total productivity is obtained by dividing 
output by total input. It states that the increases or 
decreases in output from one period to the next which 
result from the utilization of more or less of varying 
proportions of the factors of production. In contrast, 
partial productivity is a measurement for a specific 
factor of production. It is calculated by dividing the 
total output by a specific factor of production. For 
instance, to measure the partial productivity of 
material, total output should be divided by material 
cost. 
Generally speaking, total productivity is a more 
preferable measures than partial productivity since it 
takes into considerations of all factors of production 
rather than a specific factor of production. 
Productivity growth reflects the joint effect of changes 
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in labor skills and quality, changes in technology, 
capital stock, scale of production, management skills and 
other factors whose contributions are difficult to be 
determined separately. In the case road paving, the 
production factors used are direct labour, material and 
plants. 
In fact, the measurement for direct labour 
productivity is generally found by dividing total final 
output by the number of man-hours spent in the production 
of the output. It means the productivity of direct 
labour in road paving should be obtained by dividing the 
value of area of road paved by the man-hours spent in 
road paving. However, direct labour is only one kind of 
production factor utilized in road paving. Due to the 
fact that the increase in total productivity in road 
paving may be achieved by the use of better material or 
better plants but the procurement of better material and 
better plants increases the total road paving cost. The 
increase in productivity calculated by dividing the value 
of area of road paved by the man-hours spent in road 
paving is only an illusion. If the modification of 
compensation system uses this type of productivity 
measure as a guideline, the Corporation may not 
accomplish the objective - to increase the cost-
ef fectivness of ILF, it wants. Therefore, it is more 
desirable for the compensation of direct labour links to 
the measures of partial productivity. 
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In the same token, the ILF also undertakes other 
kinds of activities besides road paving, such as painting 
railings. In order to get a real picture of direct 
labour productivity, these non-core activities should 
also be taken into account. Then the productivity of ILF 
should be the summation of the productivity for various 
activities • Based on the assumption that the 
compensation for ILF is directly linked to its 
productivity. Wrong measures of direct labour 
productivity may not only impede the Corporation from 
achieving its objectives but may also hinder the 
development of relationship between management and ILF, 
because ILF will treat those measures are created by the 




From the result of the first analysis, it can be 
seen that there was a significant difference between the 
performance of the ILF and the external contractors 
($182/m2 vs. $90/iti2) . This coincided with the 
management's pre-conception that the ILF was not as cost 
effective as the external contractors. In their minds the 
keeping of the ILF still had its advantage in that during 
situations of emergency it was easier to mobilize a large 
team from the ILF than from the contractors, moreover, it 
offered the flexibility that the ILF could be deployed to 
other tasks as required by the Corporation. But this has 
prompted to the question of whether it is economically 
justifiable, given the big difference in cost, to keep 
the ILF for the sole purpose of dealing with emergency 
situations and flexibility. 
During the course of finding out the major causes of 
the big difference in the unit costs it was discovered 
that a large amount of time of the ILF was deployed to 
other non-paving related activities or was idled due to 
various reasons such as bad weather, plant breakdown, 
etc. which were beyond the control of the ILF. As all 
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fixed costs were allocated to those days when paving 
works were carried out, this would over-estimate the unit 
cost. This is a good explanation for the apparently high 
unit cost for the ILF. 
So an alternative approach was adopted to allocate 
the fixed costs. The actual fixed costs were distributed 
to the calendar days irrespective of whether paving 
activities were carried out. This would reflect the 
actual fixed costs incurred in the paving activities. 
Though the unit cost was still higher than that of the 
external contractors, it can be seen that the gap had 
been much closer ($114/ni2 vs. $90/in2) . This represents 
more than 60% reduction in the unit cost. Thus, it can 
be concluded that the performance was not too far below 
that of the contractors. In fact, there were about 20% 
of the instances that the cost for ILF was lower than 
that for outside contractors. The major cause of high 
unit cost for ILF would be governed by material cost and 
hire of services. There is a great chance that the 
performance of the ILF can be made comparable to those of 
the outside contractors. It is recommended that the 
management could reorganize or rejuvenate the ILF by-
taking steps as recommended in the report. Of course, a 
detailed investigation can be made in the paving 
activities to see whether there can be any improvements 
in the method and sequence of paving tasks as well as the 
use of human resources. But, this would be another topic 
which requires separate research. 
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Chart 1 
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Scattered Diagram for ILF and Outside Contractors Unit Road Paving Cost After Re-allocation of Fixed Cost 250 
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TABLE 1. 
STATISTICS FOR ILF AND OUTSIDE CONTRACTORS 
(BEFORE RE-ALLOCATION OF FIXED COST TO ILF) 
TOTAL OBSERVATIONS 96 
DEGREE OF FREEDOM 94 
F-VALUE 40.195 




DEGREE OF FREEDOM 48 
OUTSIDE 
ILF CONTRACTORS 
MINIMUM 68.69 76.00 
MAXIMUM 384.22 117.11 
MEAN 181.97 90.18 
STANDARD DEVIATION 73.86 11.65 
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TABLE 2. 
ABC ANALYSIS OF COST COMPONENTS 
PERCENTAGE CONTRIBUTION 
TO THE TOTAL COST 
AVERAGE CUMULATIVE 
DESCRIPTIONS m i%l NATURE 
Fixed Salary 35.4 35.4 F 
Material Cost 30 65.4 V 
Hire of Services 23.9 89.3 V 
Over Time 3.4 92.7 V 
Transportation 2.6 95.3 V 
Maintenance 1.9 97.2 F 
Depreciation 1 -5 98.7 F 
Accommodation 1 99.7 F 
Stores & Equipment 0.3 100 F 




RESULTS OF REGRESSION ANALYSIS BETWEEN MATERIAL 
COST AND AREA OF ROAD PAVED 
Dependent variable : Material Cost 
Independent variable : Area of Road Paved 
Observations : 48 
Square multiple R : 0.735 
Adjusted squared : 0.73 
multiple R 
Variable Coefficient T-value Pf2 Tail) 
Constant 56394.29 2.165 0.036 
Area of Road Paved 39.33 11.304 0.000 
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TABLE 1. 
RESULTS OF REGRESSION ANALYSIS BETWEEN HIRE OF 
SERVICES AND AREA OF ROAD PAVED 
Dependent variable : Hire of Service 
Independent variable : Area of Road Paved 
Observations : 48 
Square multiple R ： 0.542 
Adjusted squared ： 0.532 
multiple R 
Variable Coeffjgient T-value P(2 Tail) 
Constant 48778.24 1.558 0.126 
Area of Road Paved 30.85 7.734 0.000 
63 
TABLE 1. 
STATISTICS FOR ILF AND OUTSIDE CONTRACTORS 
(AFTER RE-ALLOCATION OF FIXED COST TO ILF) 
TOTAL OBSERVATIONS 96 
DEGREE OF FREEDOM 94 
F-VALUE 10.979 




DEGREE OF FREEDOM 56 
OUTSIDE 
M CONTRACTORS 
MINIMUM 48.63 76.00 
MAXIMUM 225.33 117.11 
MEAN 114.22 90.18 















































































































































































































































































































































































































































Sequence of Road Paving Operations 
Photo A 
step 1 ： Mill off the top defective surfacing with a 
cold milling machine 
Photo B 
Step 2 ： Spraying of bituminous tack coat onto the 
milled surface . 
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Appendix 3 (cont'd) 
• B H I i 




step 4 ： Laying of the bituminous material onto the 




Appendix 3 (cont'd) 
m 
Photo D 
Step 5 ： Compaction of the newly laid material with 
a steel tyred roller 
Photo E 
Step € ： Finishing the surface with a rubber tyred 
roller 
/ 
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Unit Road Paving Cost Comparison between 
ILF and Term Contractors 
(A) (B) 
Pair Term 
no. M Contractors (A)-(Bl 
25 137.32 89.37 47.95 
26 124.52 90.39 34.13 
27 210.06 101.21 108.85 
28 172.74 92.83 79.91 
29 234.68 99.99 134.69 
30 311.5 115.49 196.01 
31 209.44 103.99 105.45 
32 148.09 96.78 51.31 
33 204.45 104.38 100.07 
34 114.24 90.94 23.3 
35 244.57 99.66 144.91 
36 128.78 93.94 34.84 
37 181.18 80.88 100.3 
38 268.95 80.69 188.26 
39 335.37 86.04 249.33 
40 174.92 80.93 93.99 
41 145.73 79.37 66.36 
42 115.17 77.24 37.93 
43 122.78 78.48 44.3 
44 142.36 82.39 59.97 
45 190.34 83.67 106.67 
46 209.43 81.08 128.35 
47 116.38 79.82 36.56 
48 123.25 79.28 43.97 
i 
Appendix 4 7〇 
Unit Road Paving Cost Comparison between 
ILF and Term Contractors 
(A) (B) 
Pair Term 
no. ILE ContraQtQr? (A)-(B) 
1 204.57 95.61 108.96 
2 133.92 90.39 43.53 
3 186.33 95.24 91.09 
4 292.67 96.19 196.48 
5 227.68 98.22 129.46 
6 194.56 98.67 95.89 
7 283.41 114.16 169.25 
8 384.27 116.62 267.65 
9 329.42 117.11 212.31 
10 166.05 92.4 73.65 
11 142.75 93.3 49.45 
12 161.22 96.35 64.87 
13 110.69 78.59 32.1 
14 99.24 76.24 23 
15 136.96 79.16 57.8 
16 101.94 76 25.94 
17 98.32 76.55 21.77 
18 173.7 80.65 93.05 
19 140.95 79.8 61.15 
20 336.77 104.3 232.47 
21 132.41 81.61 50.8 
22 68.69 79.06 -10.37 
23 119.1 80.42 38.68 
24 142.55 83.24 59.31 
i 
Appendix 5 ” 
Unit Road Paving Cost Comparison between 
ILF and Term Contractors after Allocation 
(C) (B) 
Pair ILF After Term 
no. Rft-allocation Contractors (C)-(B) 
25 115.82 89.37 26.45 
26 93.42 90.39 3.03 
27 106.4 101.21 5.19 
28 128.48 92.83 35.65 
29 142.27 99.99 42.28 
30 117.79 115.49 2.3 
31 96.77 103.99 -7.22 
32 87.91 96.78 -8.87 
33 96.46 104.38 -7.92 
34 97.16 90.94 6.22 
35 169.04 99.66 69.38 
36 94.25 93.94 0.31 
37 96.36 80.88 15.48 
38 188.9 80.69 108.21 
39 206.51 86.04 120.47 
40 104.95 80.93 24.02 
41 97.84 79.37 18.47 
42 92.2 77.24 14.96 
43 99.5 78.48 21.02 
44 91.51 82.39 9.12 
45 128.42 83.67 44.75 
46 176.34 81.08 95.26 
47 99.72 79.82 19.9 
48 116.5 79.28 37.22 
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Unit Road Paving Cost Comparison between 
ILF and Term Contractors after Allocation 
(C) (B) 
Pair ILF After Term 
no. Re-allocation CpntraQtcrg (C)-(B) 
1 144.44 95.61 48.83 
2 104.46 90.39 14.07 
3 126.2 95.24 30.96 
4 225.33 96.19 129.14 
5 151.42 98.22 53.2 
6 118.3 98.67 19.63 
7 111.88 114.16 -2.28 
8 200.75 116.62 84.13 
9 145.9 117.11 28.79 
10 140.6 92.4 48.2 
11 111.73 93.3 18.43 
12 113.19 96.35 16.84 
13 48.63 78.59 -29.96 
14 63.27 76.24 -12.97 
15 76.33 79.16 -2.83 
16 80.97 76 4.97 
17 78.41 76.55 1.86 
18 115.75 80.65 35.1 
19 104.38 79.8 24.58 
20 67.82 104.3 -36.48 
21 73.8 81.61 -7.81 
22 55.56 79.06 -23.5 
23 96.39 80.42 15.97 




DLF PAVING GANG 1 , 
Cost Element ($) ！ 91/41 91/51 91/6丨 91/7| 
Staff Cost ! i ‘ 
Fixed Salary (A) ！ 2062891 206289 206289 2062891 
Over Time (B) : 387461 24879 156821 32192! 
Depreciation (C) I 9865 i 9865 9865 ！ 9 8 ^ 1 
Maintenance Cost (D) i 98381 9838 9838 ！ 983^1 
Accomodation Cost (E) i 82751 8275 8275 8275 j 
Transportation Cost ( F ) 丨 159851 261491 192351 47323 
Material Cost (G) 288847 ！ 384505 202915 434627 
Stores & Equipment (H) i 26221 38991 2771 1 7 瓦 
Hire of Services (I) I 215000! 284000 250000 300000 
Admin. Overhead ^ ! ! I I 
Fixed (J) 536351 536351 53635 53635 ！ 
Over Time (K) i 10073.961 6 4 6 8 . 5 4 j 4077.32 8369.92 i 
Total (L) I 8591761 10178031 782582 11121491 
Area of road paved (in m ) (M) ！ 4200 i 76001 42001 38001 
Unit Cost (L)/(M)丨 204.57 i 133.92! 186.331 2 9 2 W \ 
Total fixed cost (N) 287902 ！ 2 8 7 9 0 2 I 2 8 7 9 0 2 I 287902 ！ 
Total variable cost (O) 5712741 7299001 4946801 8 2 4 2 斤 
o/o of days worked ( P ) 丨 0.121 0.221 0.121 0.111 
Re-allocated fixed cost (Q) 353561 63978 ！ 353561 31989! 
Total cost (R) 606630 i 7938791 5300371 856236 丨 
Total unit cost (R)/(M) 144.44! 104.461 126.201 2 2 5 . i l 
o/o of fixed cost (Q)/(R) 5.8% i 8.1% 6.7% I 3.7%l 
o/o of variable cost (0)/(R)丨 94.2o/o 丨 91.9o/o| 93.3% i 96.3% 丨 
Term Contractors 
Unit Cost 95.61 ！ 90.39 i 95.241 96.19; 
Notes for alphabets : (J) = (A) X 0.26 
(K) = BX0.26 
(L) = Sum of(A)to(K) 
(N) = (A) + (C) + (D) + (E ) + (J) 
( 0 ) = iB ) + (F) + (G) + (H) + (I) 




DLF PAVING GANG 1 , 
Cost Element ($) 91/81 91/9 91/101 91/11 
Staff Cost ！ 
Fixed Salary (A) 2062891 206289 206289 2 0 6 ^ 
Over Time (B) 91191 0| o | 『 
Depreciation (C) 98651 98651 9865 9865 
Maintenance Cost (D) 98381 98381 9838 9838 
Accomodation Cost (E) 8275 ！ 8275 8275 8 2 7 ^ 
Transportation Cost (F) 11350 6374 37721 8 2 2 ^ 
Material Cost (G) 2614401 165575 80360 189316 
Stores & Equipment (H) 1926 16371 34141 1963" 
Hire of Services (I) 200000 200000 78000 8 9 0 0 ^ 
Admin. Overhead L Z Z — J 
Fixed (J) 53635 53635 53635 53635 
Over Time (K) I 2370.941 Oj 01 0 
Total (L) I 7741081 6614881 4534481 576406 
Area of road paved (in m ) (M) I 34001 34001 1600 | 1500 
Unit Cost (L)/(M) I 227.681 194.561 283.41 | 3 8 4 ： ^ 
Total fixed cost (N) 2879021 2879021 287902 287902" 
Total variable cost (O) 4862061 3735861 1655461 288504 
% of days worked (P) Q-10| 0.101 0.051 004^ 
Re-allocated fixed cost (Q) 28622 i 286221 13469| 12627 
Total cost (R) 5148281 4022081 1 7 9 0 1 5 l SOTTST 
Total unit cost (R)/(M) 151.421 118.301 111.881 2 0 0 7 ^ 
% of fixed cost (Q)/(R) i 5.6% I 7.1% | 7.5% I 4 . W 
% of variable cost (0)/(R) i 94.4% I 92.9% I 92.5% | 95.8% 
Term Contractors 
Unit Cost 98.221 98.671 ” 4 . 1 6 1 ” 6 . 6 2 
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DLF PAVING GANG 1 
Cost Element ($) I 91/121 92/11 92/21 92/3 
Staff Cost ! I i I 
Fixed Salary (A) i 2062891 2062891 2062891 206289 ！ 
Over Time (B) | O] 3 9 4 ^ 14786! 
Depreciation (C) ！ 9 8 6 ^ 9865 i 
Maintenance Cost (D) ！ 98381 98381 9838 i 9838 
Accomodat ion Cost (E) j 82751 82751 8275 
Transportation Cost (F) ！ 4831 I 239431 10504 
Material Cost (G) I 1103401 5714531 352016 221562 
Stores & Equipment (H) I 20551 35971 1971 | 
Hire of Services (I) ！ 890001 4740001 3400001 280000 
Admin. Overhead i | ！ 
Fixed (J) 53635 53635 丨 53635 丨 53635 
Over Time (K) 01 10433.281 10251.281 3844.36 
Total (L) I 4941281 14114561 1042072! 8222321 
Area of road paved (in m ) (M) ‘ 1500 I 85001 73001 5100 | 
Unit Cost (L)/(M) | 329.42 ！ 166.051 142.75! 1 6 1 ^ 
Total fixed cost (N) 287902 ！ 2 8 7 9 0 2 ！ 2879021 2879021 
Total variable cost (〇） ！ 2 0 6 2 2 6 I 1 1 2 3 5 5 4 1 " " " 7 5 4 1 7 0 ! 5 3 4 3 3 0 I 
% of days worked (P) ！ 0：04| 0 ： ^ 0 5 T | 
Re-allocated fixed cost (Q) ‘ 126271 715551 614531 42933 
Total cost (R) i 2188531 11951091 8156231 577263 j 
Total unit cost (R)/(M) i 145.901 140.601 111.73 ： 1 1 3 . 1 9 1 
% of fixed cost (Q)/(R) i 5.8% I 6.0% i 7 .5% i 7 .4% 1 
o / o of variable cost (0)/(R) | 94.2% I 94.0% ！ 92.5% I 92.6o/o I 
Term Contractors 
Unit Cost 117.11 I 92.401 93.30! 96.351 
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DLF PAVING GANG 1 
Cost Element ($) ！ 92/4| 92/51 92/61 _ 
Staff Cost i i 
Fixed Salary (A) : 252405.31 252405.3 252405.3 252405.3 
Over Time (B) | 14587.71 30217.71 10940.71 375TTJ" 
Depreciation (C) j 124791 124791 124791 1 2 ^ 
Maintenance Cost (D) | 23827 ！ 238271 23827 2 3 8 ^ 
Accomodation Cost (E) j 9113| 9113 9113| 9113 
Transportation Cost (F) 177741 54401 218701 1 7 W 
Material Cost (G) 1309151 269048 2121561 557723 
Stores & Equipment (H) 19421 20321 17571 2106 
Hire of Services (I) 210001 96000 85500 184000 
Admin. Overhead I — 
Fixed (J) 656251 65625 65625 65625 
Over Time (K) 3792.802 i 7856.602 2844.582 9753：0^ 
Total (L) 5534611 7740441 6985181 1172M8" 
Area of road paved (in m ) (M) | 50001 7800! 51001 11500 
Unit Cost (L)/(M) j 110.691 99.241 136.961 101.94 
Total fixed cost (N) 3634501 3634501 3634501 363450 
Total variable cost (O) ~ ~ 1 9 0 0 1 2 1 4 1 0 5 9 4 ! 3 3 5 0 6 8 I 8 0 8 8 9 9 
% of days worked (P) 0.151 0.231 0.15 丨 0.34 
Re-allocated fixed cost (Q) 531361 82892 ！ 541991 122213 
Total cost (R) I 2431471 4934861 3892671 931111 
Total unit cost (R)/(M) I 48.631 6 3 . 2 7 1 76.33 i 80.97 
% of fixed cost (Q)/(R) ！ 21.9% j 16.8% | 13.9% I 13.1。/o| 
。 / o of variable cost (0)/(R) | 78.1% 丨 83.2% I 86.1 % i 86.9% 
Term Contractors 
Unit Cost : 78.591 76.24! 79.16 丨 76.00 
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DLF PAVING GANG 1 
Cost Element ($) I 92/81 92/91 92/101 " W n 
Staff Cost I ！ I I 
Fixed Salary (A) i 252405.3! 2 5 2 4 0 5 . 3 ! 252405.31 252405.31 
Over Time (B) ； 25007.7 i 18755.71 57309.71 4167.71 
Depreciation (C) i 12479! 124791 124791 12479 
Maintenance Cost (D) | 23827 丨 2 3 8 ^ 2 3 8 ^ 2 3 8 ^ ! 
Accomodat ion Cost (E) | 9113 丨 91131 9113 9113 
Transportation Cost (F) i 71271 ！ 233951 165601 
Material Cost (G) ‘ 467871 I 3175851 434966 53438 
Stores & Equipment (H) ！ 19131 1541 | 2158 1296 
Hire of Services (I) 丨 234000 i 1910001 196000 10200 
Admin. Overhead ； : I 
Fixed (J) ‘ 65625 i 656251 65625 65625 
Over Time (K) 6502.002 ！ 4876.4821 14900.52 1083.6021 
Total (L) i 11700141 9206031 10853441 437801 ！ 
Area of road paved (in m ) (M) I 11900! 53001 77001 1300 
Unit Cost (L)/(M) ^ 98.321 173.701 140.951 336.77 
Total fixed cost (N) 363450 ; 3 6 3 4 5 0 I 3 6 3 4 5 0 I 3 6 3 4 5 0 
Total variable cost (〇） ^ 8065651 5571531 7218941 74351 
% of days worked (P) 丨 0.35 i 0.15 0.231 0.041 
Re-allocated fixed cost (Q) ！ 126463： 56324 818291 13815 
Total cost (R) ！ 933028 ！ 6134771 803724 i 88167 
Total unit cost (R)/(M)丨 78.41 ^ 115.75 104.38 丨 67.82 
% of fixed cost (Q)/(R) 13.6%, 9.2% i 10.2% I 15.7% 1 
% of variable cost (〇)/(R) 86.4% 90.8% I 8 9 . 8 o / o i 84.3% I 
Term Contractors 
Unit Cost 76.551 80.651 79.80 i 104.301 
78 
Appendix 6. 
DLF PAVING GANG 1 
Cost Element ($) 92/121 93/11 93/21 _ 
Staff Cost I i I I 
Fixed Salary (A) 252405.3 i 252405.3 252405.3 252405.3 
Over Time (B) 37511.7； 50015.71 80233.7 5 6 2 6 7 J " 
Depreciation (C) 12479 i 124791 124791 
Maintenance Cost (D) 238271 23827 23827 2 3 8 " ^ 
Accomodat ion Cost (E) 91131 9113 9113| 9113 
Transportation Cost (F) 40771 15685 22883 24077 
Material Cost (G) 1953871 3931471 552301 306600 
Stores & Equipment (H) 22541 16801 25161 1318 
Hire of Services (I) 82700 i 214000 + 2560001 1 4 6 0 0 ^ 
Admin. Overhead 丨 i I I 
Fixed (J) 65625 ！ 65625 656251 65625 
Over Time (K) 9753.042 ！ 1 3 0 0 4 . 0 8 20860.761 14629.6 
Total (L) i 695132： 1050981 i 12982441 912342 
Area of road paved (in m ) (M) | 52501 153001 109001 6400 
Unit Cost (L)/(M) | 132.41 ！ 68.691 119.101 142.55 
Total fixed cost (N) I ^ 3 6 3 4 5 0 i 3 6 3 4 5 0 I 3 6 3 4 5 0 1 3 6 3 4 5 0 
Total variable cost (O) 3316831 6875321 9347941 548892 
% of days worked (P) 0.15 丨 0.451 0.321 0.19 
Re-allocated fixed cost (Q) 557931 1625961 1158361 68014 
Total cost (R) 387475 ！ 850128! 1050631 | 616906 
Total unit cost (R)/(M) 73.80! 55.561 96.39! 96.39 
% of fixed cost (Q)/(R) , 14.4% I T l W T T M " 
% of variable cost (0)/(R) ！ 85.6% i 80.9% i 89.0% I 89.0% 
Term Contractors 
Unit Cost ‘ 81.61 ！ 79.06 i 80.421 83.24 
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ILF PAVING GANG 2 
Cost Element i 91/41 91/51 91/6| 91/7 
Staff Cost I i I I 
Fixed Salary (A) i 2 1 7 5 3 0 1 2 1 7 5 3 0 | 2 1 7 5 3 0 I 2 1 7 5 3 0 
Over Time (B) 57121 j 181121 60201 5 0 1 ^ 
Depreciation (C) 133651 13365 133651 13365 
Maintenance Cost (D) i 98381 98381 9838 
Accomodat ion Cost (E) | 66001 6600 6600 6600 
Transportation Cost (F) 39703 ！ 371281 21242 
Material Cost (G) 403525 i 295920 111856 一281110 
Stores & Equipment (H) 41081 1584 25991 1563 
Hire of Services (I) j 5500001 285000 1200001 233000 
Admin. Overhead | ! 
Fixed (J) I 565581 56558 56558 56558 
Over Time (K) ' 14851 ! 47091 15651 T3040" 
Total (L) i 1373199! 9463441 5671731 9 1 5 5 0 ^ 
Area of road paved (in m ) (M) I 100001 76001 27001 5300 
Unit Cost (L)/(M) j 137.32! 124.521 210.061 
Total fixed cost (N) i 303891 ！ 303891 I 303891 303891 
Total variable cost (〇） j 10693081 6424531 263282 611615 
% of days worked (P) I 0.22 i 0.08 0 ? ! ^ 
Re-allocated fixed cost (Q) | 88857 i 67531 I 23991 47094 
Total cost (R) ！ 1 1 5 8 1 6 5 1 7 0 9 9 8 4 I 2 8 7 2 7 3 658709 
Total unit cost (R)/(M) | 1 1 5 . 8 2 1 93.421 106.40' 124.281 
% of fixed cost (Q)/(R) I 7.7% 丨 9.5% I 8；4 ^ t T T ^ 
% of variable cost (0)/(R) ！ 92.3% i 90.5% I 91.6o/o| 92.9o/o | 
Term Contractors 
Unit Cost 89.37 丨 90.391 101.21 | 92.83 
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ILF PAVING GANG 2 
Cost Element ’ 91/81 91/91 91/101 " W m 
Staff Cost : ！ I 
Fixed Salary (A) 2175301 217530 2175301 2175301 
Over Time (B) j 1 7 9 7 ^ o1 ^ 0 
Depreciation (C) ‘ 133651 13365| 133651 133651 
Maintenance Cost (D) 98381 9838 98381 98381 
Accomodation Cost (E) 丨 66001 6600 6600 6600 
Transportation Cost (F) i 338481 108841 68721 19673 
Material Cost (G) 丨 1848961 69005 1045881 161228 
Stores & Equipment (H) 丨 17541 1465 一 32421 1791 
Hire of Services (I) ; 157000 i 82000 105000 165000 
Admin. Overhead | | — 
Fixed (J) ‘ 565581 56558 56558 5 6 ^ 
Over Time (K) 46751 0| 0 0 
Total (L) ! 7040421 4672441 523592 6 5 T W 
Area of road paved (in m ) (M) ！ 30001 1500 | 25001 4400 
Unit Cost (L)/(M) ； 234.681 311.501 209.441 
Total fixed cost (N) 3 0 3 8 9 1 I 303891 303891 i 
Total variable cost (O) 400151 ！ 163354 2197021 3476921 
% of days worked (P) 0.09 i 0.041 0.071 0.13 
Re-allocated fixed cost (Q) 26657 ！ 13329 222141 39097 
Total cost (R) 426808 ！ 1 7 6 6 8 2 | 2 4 1 9 1 6 1 3 8 6 7 8 9 
Total unit cost (R)/(M) 142.271 117.79 丨 96.77 丨 87.91 
% of fixed cost (Q)/(R) ‘ 6.2% i 9 ^ 1 10.1% I 
% of variable cost (0)/(R) 93.8% 92.5% I 90.8% 丨 89.9% 
Term Contractors 
Unit Cost 99.99 丨 115.491 103.991 96.78 
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ILF PAVING GANG 2 
Cost Element 91/121 92/11 92/21 92/3 
Staff Cost I 
Fixed Salary (A) 2175301 217530 217530! 217530 
Over Time (B) Oj 49691 47833 14096 
Depreciation (C) 133651 13365 13365 13365 
Maintenance Cost (D) 9838 9838 9838 9838 
Accomodation Cost (E) 6600 i 6600 66001 6600 
Transportation Cost (F) 15161 | 55777 489501 4 3 4 " ^ 
Material Cost (G) 1106421 440949 205550 2 7 3 9 ^ 
Stores & Equipment (H) ！ 18831 3426 1799 2377 
Hire of Services (I) 1 0 0 0 0 0 1 4 7 0 0 0 0 2 6 0 0 0 0 2 6 0 0 0 0 1 
Admin. Overhead I | | ' I 
Fixed (J) 56558 56558 56558 565581 
Over Time (K) 0 12920 12437 36651 
Total (L) 5315761 13366531 8804591 9 0 1 ^ 
Area of road paved (in m ) (M) I 26001 117001 36001 7000 
Unit Cost (L)/(M) | 204.451 114.241 244.571 128.781 
Total fixed cost (N) 303891 | 303891 303891 I 303891 I 
Total variable cost (O) 2276861 1032762 5765681 5 9 7 ^ 
。/o of days worked (P) 0.081 0.34! 0.11 丨 0.20 
Re-allocated fixed cost (Q) 2 3 1 0 3 1 1 0 3 9 6 3 319891 62200 
Total cost (R) 2507881 11367251 608557 659751 
Total unit cost (R)/(M) 9 6 . 4 6 丨 97.161 1 6 9 . 0 4 1 94.25 
% of fixed cost (Q)/(R) 9.2% | 9.1。/o| 5.3% 丨 ^： ^丨 
% of variable cost (〇)/(R) 90.8% I 90.9o/o | 94.7% i 90.6% i 
Term Contractors 
Unit Cost I 104.381 90.941 99.661 93.941 
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ILF PAVING GANG 2 
Cost Element ！ 92/41 92/5| 92/61 
Sta 什 Cost I 
Fixed Salary (A) I 252405 252405 252405 252405 
Over Time (B) 5731 20840 26571 4 3 ^ 
Depreciation (C) 12479 124791 12479 1 2 4 7 ^ 
Maintenance Cost (D) ！ 23273 23273 23273 23273 
Accomodation Cost (E) 8825 8825 8825 8825 
Transportation Cost (F) 1 4 4 2 8 1 45330 547961 26149 
Material Cost (G) ！ 1425831 319739 2241491 1 4 9 ^ 
Stores & Equipment (H) ！ 1630 1866 ~ ~ 1923 2097 
Hire of Services (I) i 1600001 320000 195000 192000 
Admin. Overhead j I — 
Fixed (J) I 65625 i 65625 65625 6 5 ^ 
Over Time (K) 丨 14901 5418 69081 1 1 ^ 
Total (L) I 6884691 1075801 871955 787159 
Area of road paved (in m ) (M) i 38001 40001 26001 4500 
Unit Cost (L)/(M) j 181.181 268.95 丨 335.371 174.92 
Total fixed cost (N) ‘ 3 6 2 6 0 8 I 3 6 2 6 0 8 I 3 6 2 6 0 8 1 3 6 2 6 0 8 
Total variable cost (〇） I 3258621 713193: 5093471 424552 
% of days worked (P) 0.111 0.12' 0.08 0.13 
Re-allocated fixed cost (Q) 402901 42410! 27567 47712 
Total cost (R) 366151 I 7 5 5 6 0 3 536914 472263 
Total unit cost (R)/(M) 96.36 丨 188.90 206.51 104.95 
o / o of fixed cost (Q)/(R) | 11.0% I 5.6% | 5.1% I 
% of variable cost (〇)/(R) I 89.0% I 94.4% 94.9% I 89.9% 
Term Contractors 
Unit Cost i 80.881 80.69 j 86.041 80.93 
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ILF PAVING GANG 2 , 
Cost Element 92/81 92/9! 92/101 92/11 
Staff Cost j ！ 
Fixed Salary (A) 252405 2524051 2524051 252405 
Over Time (B) 3 5 ^ 296971 500161 10941 
Depreciation (C) ； 124791 124791 124791 12479 
Maintenance Cost (D) ’ 23273 232731 23273 23273 j 
Accomodation Cost (E) 8825 88251 88251 8 8 ^ 
Transportation Cost (F) , 28859 6430 丨 18918 12469 
Material Cost (G) ！ 225459 4758141 440049 2 3 4 4 4 ^ 
Stores & Equipment (H) I 12821 15861 11961 16301 
Hire of Services (I) ‘ 240000 3600001 428000 215000 
Admin. Overhead 
Fixed (J) i 65625 656251 65625 65625 
Over Time (K) 9347 7721 I 130041 2 8 4引 
Total (L) 9035031 12438561 13137901 839937" 
Area of road paved (in m ) (M) 62001 108001 107001 
Unit Cost (L)/(M) 1 4 5 . 7 3 1 115.171 122.781 1 4 2 . 3 6 1 
Total fixed cost (N) 3 6 2 6 0 8 3 6 2 6 0 8 I 3 6 2 6 0 8 I 3 6 2 6 0 8 I 
Total variable cost (〇） 540895 8 8 1 2 4 8 1 9 5 1 1 8 3 1 4 7 7 3 2 9 ！ 
o/o of days worked (P) 0.18 0.32 i 0.31 | 0AT\ 
Re-allocated fixed cost (Q) 65736 1145081 1134471 62555 
Total cost (R) 606631 I 9957561 10646301 539884 
Total unit cost (R)/(M) 97.841 92.201 99.501 91.51 
% of fixed cost (Q)/(R)丨 10.8% I 11.5% I 10.7。/ol 1 1 . 阮 
% of variable cost (0)/(R) 89.2% I 88.5% I 89.3% I 88.4% 
Term Contractors 
Unit Cost 79.371 77.241 78.481 82.39 
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ILF PAVING GANG 2 
Cost Element I 92/121 93/11 93/2 _ 
Staff Cost ！ 
Fixed Salary (A) I 2524051 252405 252405 252405 
Over Time (B) i 47411 j 43764 76587 115662 
Depreciation (C) ！ 124791 12479 124791 12479" 
Maintenance Cost (D) i 2 3 ^ 23273 23273 23273 
Accomodation Cost (E) I 88251 8825 8825 8825 
Transportation Cost (F) j 181871 38879 40205 7 9 0 ^ 
Material Cost (G) I 2503991 7094091 562524 1008708 
Stores & Equipment (H) ‘ 2761 21951 1971 2352 
Hire of Services (I) 258000 570000 484000 977500 
Admin. Overhead i [ Z Z Z ^ Z j Z I Z Z Z Z I 
Fixed (J) i 65625 65625 65625 65625 
Over Time (K) i 123271 113791 199131 3 0 0 7 ^ 
Total (L) i 9516921 17382331 15478071 2575955 
Area of road paved (in m ) (M) ： 50001 83001 13300| 20900 
Unit Cost (L)/(M) i 190.341 209.431 116.38 丨 123.25 
Total fixed cost (N) ‘ 3626081 362608 362608 362608 
Total variable cost (O) 丨 589084 j 13756251 11851991 2213348 
o/o of days worked (P) i 0.15 i 0.24 0.39 0.61 
Re-allocated fixed cost (Q) | 53013 i 88001 1410141 221594 
Total cost (R) I 6 4 2 0 9 7 1 14636271 1326213 2434941 
Total unit cost (R)/(M) i 128.421 176.341 99.72 j 116.50 
o / o of fixed cost (Q)/(R) I 6 ： ^ 10.6% i 9.1% 
% of variable cost (0)/(R) ： 91.7% 1 94.0% I 89.4% 丨 90.9% 
Term Contractors 
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